. For all cell pairs, the electrical coupling was reciprocal (Figures 1B-1E) .
. For all cell pairs, the electrical coupling was reciprocal ( Figures 1B-1E ). A total of 61 AII amacrine cell pairs displayed electrical resistance and finite membrane input resistance, was linear ( Figure 2B ), indicating that G j was independent of coupling identified as described above. Following fluorescence microscopy and visualization with Lucifer yel-V j over the range of voltages tested (Ϯ30 mV). Accordingly, G j was measured as the slope of a straight line low, all but three pairs were observed to be in potential physical contact with each other as judged by overlap fitted to the I-V relation (1.16 nS; Figure 2B ). The junctional conductance was very similar for both directions between the arboreal dendrites. Additionally, 11 AII amacrine cell pairs did not display electrical coupling of coupling ( Figure 2C ) and the conductance for a cell pair was calculated as the average of the conductance and subsequently, following visualization, were found to have non-overlapping dendritic trees. The mean disdetermined from each direction of coupling. The mean G j (for cell pairs with potential physical contact) was tance between the somata of coupled cell pairs was 24 Ϯ 1.1 m (range 9-53 m) while the mean distance 704 Ϯ 76 pS (n ϭ 22 cell pairs; range 310-1460 pS). For the three coupled cell pairs without overlapping arboreal between noncoupled pairs was 41 Ϯ 3.7 m (range 20-58 m). As is the case, we also recorded from cell dendrites, the G j was very low (92, 154, and 207 pS) and we assume that the cells in these pairs were coupled pairs in which only one cell was subsequently identified as an AII amacrine cell. Electrical coupling was never via another cell. observed between such cell pairs. overlapping arboreal dendrites and were 0.07 and 0.08. pling coefficients can be accounted for by the difference in membrane input resistance. For each cell pair, the coupling coefficient was estiBecause pharmacological blocking of spontaneous mated for both directions of coupling and the population postsynaptic currents might increase the postsynaptic average was calculated from the average for each pair. membrane input resistance, and thereby the coupling The scatterplot shown in Figure 2D indicates that the coefficient, we repeated the measurements in control coupling coefficient was moderately asymmetric when solution without antagonists. There was a weak, but the two directions of coupling were compared. The apnot statistically significant, increase of membrane input parent rectification was quantified as the K-ratio, i.e., resistance after blocking synaptic transmission pharmathe ratio of the higher to the lower coupling coefficient cologically (from 458 Ϯ 43 to 487 Ϯ 47 M⍀; n ϭ 12; p ϭ for each cell pair (mean 1.6 Ϯ 0.13; Nolan et al., 1999). 0.29; paired t test). The mean steady state coupling This contrasts with the symmetrical junction conduccoefficient was 0.32 Ϯ 0.03 (n ϭ 12 cell pairs; range tance which cannot account for the apparent rectifica-0.14-0.45; Figure 2D ), not significantly different from the tion ( Figure 2C ). An alternative explanation for the asymcoupling coefficient during blocked chemical synaptic metrical coupling coefficient is a difference in membrane transmission (p ϭ 0.50). The mean K-ratio for cell pairs input resistance between the two coupled cells. For a recorded in control solution was 1.4 Ϯ 0.10 ( Figure 2E ). given presynaptic voltage change, the coupling coefficient will increase with increasing postsynaptic membrane resistance. We investigated this by plotting the Frequency Dependence of Electrical K-ratio for each coupled pair against the ratio of memSynaptic Transmission brane input resistance ( Figure 2E) Figure 4A ). We investigated this synchronization quantitatively by calculating crosscorrelation histograms of simultaneously recorded spike trains in pairs of cells. The spike crosscorrelograms typically displayed a sharp peak near zero time delay. In the example illustrated in Figure 4B (recorded in control solution), the central peak is clearly above the upper 99% confidence limit of the correlogram. The synchronization width was 4 ms and the synchronization strength was 7.1 (see Experimental Procedures). Similar crosscorrelograms with strong synchronization of spiking were seen in 6 of 7 cell pairs. The average synchronization strength was 11.4 Ϯ 5.1 (range 2.4-35.5) and the average synchronization width was 7.2 Ϯ 1.5 ms (range 3-13 ms), indicating a tight synchronization of spiking. In some cell pairs, the crosscorrelogram peak was located to one side of time zero ( Figure 4B ). For other cell pairs, we observed a crosscorrelogram with two peaks, one on each side of time zero. The average time delay of the (major) peak was 4.6 Ϯ 1.2 ms (range 1.7-8.3 ms). We did not observe crosscorrelograms where a single peak was symmetrically distributed around time zero.
Coupling Coefficient
As synchronized firing may be caused by common chemical synaptic input, we recorded from cell pairs after blocking chemical synaptic transmission pharmacologically. The spontaneous firing rate of these cells was not significantly different from that of cells recorded In several cases, the depolarization evoked by a pretics, e.g., by actively propagating the action potential to the site of electrical coupling (cf. Galarreta and Hestrin, synaptic spike reached threshold for spike generation in the postsynaptic cell ( Figure 5C ; arrows). In these 1999), or would a passive, action potential-like voltage waveform applied to the soma of the presynaptic cell cases, the latency from the presynaptic spike to the postsynaptic spike displayed larger variability than the evoke an identical postsynaptic response? In order to examine the possible involvement of TTXlatency from the presynaptic spike to the postsynaptic subthreshold depolarization ( Figure 5D ). When the postsensitive voltage-gated currents, we first recorded a series of electrical PSPs evoked by spontaneous presynaptic cell generated a spike, it evoked a "reciprocal" postsynaptic depolarization in the original presynaptic synaptic action potentials in the control condition (Figures 6A and 6C ). Adding TTX blocked both action potencell ( Figures 5C and 5E) . In several cases, this depolarization evoked an additional spike ( Figure 5C ; arrowhead) tials and accompanying electrical PSPs ( Figure 6B ). We then changed the recording configuration of the presynwhich again evoked an electrical PSP in the original postsynaptic cell. We never observed further reverberaaptic cell from current clamp to voltage clamp and applied a previously recorded action potential as a voltagetory firing.
Although we only recorded from pairs of AII amacrine clamp command. The presynaptic voltage command waveform evoked postsynaptic depolarizations that cells, we sometimes observed indirect evidence for 
